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POLARISCOPY OF MOLYBDATOMALATES 
LAu NcitLo·r W. ANDREws 
IN'I'RODUC'l'ION 
The first t'xtensive investigation into the behaviour toward polar­
ized light of the complex compounds formed by the action o f  
molybdates upon optically active, organic, oxy-acids is to be found 
in a series of papers by Gernez, 1 since which the subj ect has at­
tracted the attention of many other investigators.2 
These researches clearly show : first, that the reactions in ques­
tion may result in the formation of substances of very high rotary 
power ; second, that these · reactions are more complicated than 
those taking place between uranyl salts and the same organic acids, 
and are in the highest degree subj ect to the influence of acidity 
and of varying proportions of the consti·tuents . Thus ,  Gernez 3 
describes several successive changes in the �ign o f  the rotation, as 
an apparent result of r elative changes in  the concentration of the 
reagents . 
In spite o f  these seemingly unfavorable c ircumstances, an at­
tempt has been made to utilize these phenomena for the analytical 
determination o f  active oxy-acids by Richardson and Gregory 4 in 
case o f  tartrates and by Gore 5 in case of rnal:ates . 
It i s  obvious that complete success in applying the polariz ing 
power of such solutions to analytical purposes depends upon find­
ing conditions under which the curve concentration-p olarization 
will be, not necessarily a straight line, but a simple smooth curve .  
The ,data o f  Gernez, when plotted, give curves that suggest a cross­
section o f  waves at sea during a violent storm. His experiments 
were not intended to be used analytically and were made in such a 
manner that every change in  the molar ration, malic acid/molybclic 
acid, was accompanied by an alterartion in the acidity of the solu­
tion. The results, therefore, exhibit the combined effects of two 
variable factors, viz. malate concentration and hydrogen ion con­
centration. 
1 Comp11tes rendues ( 1 88 5 )  1 0 5 ,  803 ; ( 1 888)  1 0 0,  1 5 1 , 760 ; ( 1 889)  1 1 0 , 529 ; ( 1 890)  
1 1 1 ,  792 ; ( 1 8 9 1 )  1 1 2, 22 6 ;  ( 1892)  1 1 3 , 1 0<3 1 ;  (1893)  1 1 4, 480 ; ( 1 898 ) 1 1 9, 63 .  
2 See references p .  
3 L.  c. 
4 Jour. SDc. Chem. Ind. ( 1 9 0 3 )  22, 4 0 5 .  
5 Prnc. Off. Agr. Chem. ( 1 9 1 3 ) .  
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An important obj ect o f  the present research was to separate these 
factors, so far as possible. How great is the influence of acidity 
may be comprehended from the fact that in neutral solutions the 
enhancement of the rotation by molybdate i s  zero, while in those 
that are strongly acidified, there may be an enhancement of many 
hundred times. It  is  clear, therefore, that we shal l have to do 
mainly with acid solutions. 
·MoLYBDATo- MALIC Acms AND THEIR SALTS 
Henderson, Orr and \i\Thitehead a describe several salts  of a 
molybdyldimalic acid l\Io02 ( C1H405.I-I ) 2 , .  and the sodium salt o f  
the a molybdato-malic acid, Mo02 :C4H305Na + lt H20,  but  give 
no analysis .  Grossmann and Potter 7 speak of the molybdyldima­
late, Mo02 ( C4H405Na )  2, and of a dimolybdatomonomalate, 
Mo2011  C4H4Na2•  
That the complexes formed by the action o f  niolybdic on malic 
acid are stronger acids than either component, of higher conduc­
tivity and greater saponifying power, and form salts which are 
less hydrolyzed  has been shown by the investigations of Grossmann 
and Kramer,8 o f  Rimbach and Neitzert,9 of Rim:bach and Wint­
gen 10 :and of Wintgen.1 1 . The work of  Maderna 1 2 should also 
be mentioned in this connection. 
In  the present paper ( see experimental part ) will be described 
the preparation of an ammonium salt of a molybdatomalic acid 
( Mo02 : C4H305 .NH4 + 1 i H20 ) , which is preci sely analogous 
to the sodium salt of Henderson, mentioned above, even to the 
water of crystallization. There is also a close analogy between it 
and the ammonium uranatomonomalate described in the first part 
of this  paper ( p. - ) . Its constitution may be formulated sim­







It is ,  however, not probable that this is the , compound that pos­
sesses the highest rotation and that is  most stable in the presence of 
an excess of molydic acid and in acid solutions . Grossmann and 
6 J our. Lond. Chem. Soc. 75, 548. [ ( 1 8 9 9 . )  
7 Zeitsch. ph.  Chem. 56, 5 7 7 .  [ ( 1 906 . )  
8 Zeitsch. anorg. Chem. 41, 50 .  [ 1 9·0 4.)  
9 Zeitsch. an org. Chem. 52, 397.  [ ( 1 9 0 7 . )  
10 Zeitsch . p h .  Chem. 74 233 .  [ ( 1 9 1 0. )  
1 1  Zeitsch. anorg. Chem. 74, 2 8 1 .  [ ( 1 9 1 2 . )  
1 2 Atti. Acc. Lincei [ 5 ]  19.2, 130 .  [ ( 1 9 10 . )  
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Potter 1" have addnced reasons for bel ieving th:i.t under such con­
ditions, the latter i s  a dimolybdyl salt, containing two molecules of 
Mo03 for each rnalic acid residne, a conclusion that i s  entirely 
conformable with my observations. It i s  highly l ikely that it is 
( in analogy with the uranatomalic complex ( p. - ) a salt o f  the 
inner anhydride of  dimolybclylmalic acid and that i t  has, accord­
ingly, the following constitution : 





There i s ,  in thi s  case, rather direct evidence that the carbinol 
group i s  directly united to the inorganic acid residue. I h ave 
found that, if a solution of  sodium malate and one of  sodium 
molybclate, each being neutral to am! mixed with phenolphthalein, 
are stirred to-gether, the solution becomes red, the color increasing 
in intensity on  standing. The reaction i s  made clear by the equa­
tion : 
Mo 0 2 ( 0Na ) 2  + HO.C2H3 : ( C0 . 0Na ) 2 = 
Na OMo 0 2-0-C/l3 : ( C0.0Na ) 2 + E.5 + 1\TaOH 
The l iberated sodium hydroxide tends to limit the reaction . Ac­
cordingly, i f  the red soiution i s  nentralizcd by decinormal hydro­
chloric acid, the color gradually reappears .  This phenomenon may 
be repeated a number of times, the color being fainter each time. 
In  all ,  about two-thirds o f  the amount of  sodium hydroxide indi­
cated by the equation above was actually found . The action of 
molybdic acid on the alcohol group i s  essentially a case of  esteri­
fication, and as such, the reaction i s  stimulated by acids and 
checked by alkali s  Hence, it only approaches completion when 
molybdate i s  present, the socl inm salt of the monobasic d imolybda­
tomalic acid i s  probably formed, as the hig·h rotation testifies, the 
reaction being : 
21l o 0 2 ( 0}·fo ) 2  + HO. C2H" : ( C0. 01Va ) 2 + 5CH,,COOII = 
Mop5 : C3H3 03.C0. 0Na + 5CH3C0 0Na + 3Hp Eq. 6 
I f  the mixture of  molybdate and malate referred 10 above, but 
without the phenolphthalein, is examined in the polari scope, 14 it 
wi l l  be found to have :a Ycry small negatiYe rotation, but i f a l ittle 
hydrochloric or acetic acid be added, in amount about sufficient to 
neutralize the l iberated alkali ,  the optical rotation becomes zero . 
1a r�. c. 
H See p. 
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If more acetic acid is  added, the rotation is  positive and its amount 
increases steadily as the acid concentration increases. The higher 
the acidity, the more nearly i s  the rotation proportional to the 
mal ic acid concentrat:on, ancl the l ess is the effect of a given change 
in the amount of acetic acid. Tims, it is evident that acidification 
here has an effect opposite to that exerted by it on uranatomalat e  
solutions.1 5 The following considerations make clear the reasons 
for this .  l7 ranic trioxide, co3 is essentially amphoteric and cap­
able nf forming salts with either bases or acids, while molybdic 
trioxide, Mo03, i s  distinctly neg·ative, and has no pronounced 
tendency to form salts with acids , particularly with weak acids .  
The molybdenum complex ( Formula 6) can not ,  then, be readily 
split up by acetic acid, to form a compound analogous to Formula 
4, and shows itself stable tcm·ards this acid. 
The effect of acetic acid in enhancing the rotation follows as a 
necessity, i f  we assume that the compound o f  highest (positive )  
rotation is  that expressed by Formula 6. Th i s  complex is  the in­





which is formed from it by hydrolysis and which by electrolytic 
dissociation gives  rise to hydrogen ions. If ,  then, we increase the 
hydrogen ion concentration by adding an indifferent acid, the 
ionization o f  the complex ( Formula 7) will be reduced and, indi­
rectly, the hydrolysis of the optically active anhydride will  be 
counteracted. However, if a sufficient amount o f  a strong mineral 
acid, as hydrochloric, be added, the hydroxyl of the dimolybdyl 
group may be replaced by Cl and the rotation be reduced. This 
condition of things i s  realized in Exp. 47 Tvl::VL 
A limit is  set to  the amount o f  acetic acid which may be added 
to these solutions, by a tendency to deposition of crystall ine pre­
cipitates,  which i s  very marked in  the strongly acidified solutions 
and which sometimes makes it impossible to keep the mixture long 
enough for the rotation to become constant .  This phenomenon i s  
more pronounced in mixtures containing ammonium than in those 
having sodium salts .  For this reason, in part, the employment o f  
sodium molybdate is  t o  b e  preferred t o  that o f  ammoninm molyb­
datc. The latter has the advantage that it i s  easily prepared o f  
fixed, definite , composition ; and that in  it, the correct relation o f  
base to molybdic acid can be determined by very simple tests 
15 See Part 1 ,  p.  
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(vi de p.  - ) . In  commercial samples o f  ammonium molybdate ,  
variations in  the relation of ::\H, :Mo arc prone to occur .  Such 
variations, of course, may influence the acidity of the final mix­
tures and, hence, their rotatory power. 
T II F,  TI".I f�  FACTOR 
Solutions of malic acid with a rnolyhdate resemble those with 
uranyl acetate in that they do not at once attain a state of equilib­
rium, a s  shown by their rotatory power, but only approach it grad­
ually, the rate being s lower than it ; s  for the uranyl mixtures. 
This phenomenon is thoroughly in harmony with ob�ervations of 
Dittrich 16  to the effect that in analogous mixtures, the electric 
conductivity slowly increases to a maximum after mixing. The 
rate appears to increase with increasing acidity. Solutions o f  
normal acidity ( as to acetic acid )  or lc�s, often clo not attain  the ir  
full polarizing power in  four or five hours. T t is  better to wait 
twenty- four hours before taking final readings, at least unti l  a 
more complete study o f  this point has brought assmance that the 
precaution is not necessary. 
l N FLUit N C E  OF LIG HT 
The molybclatomai:c mixtures are more sensitive to light than 
are those containing uranium, and clue precautions should be taken 
not to expose them needlessly. They are, hmvever, very much 
less sensitive than mixtures of  tartrate with either uranyl acetate 
or with acidified molybclate. I have not observed any effect from 
exposure to the light o f  an electric filament lamp. even when pro­
longed.  A reduction of somewhat less than 1 ° V cntzke was oh­
scrved to follow exposure to diffused light in a room for  rather 
than one hour. The solution in (iuestion rotated about 40° . No 
serious errors from this e<nhe need be ieared i f  the solutions are 
kept in  a dark cupboard when not in  use and arc covered by a 
black cloth when being handled in a daylit room. 
REAGB N'rs.17  
Two samples o f  
' ' B .  & A. C.P.  
Lomb. C.P." 
Ex PERI  >-IEN T.'\L 
ammonium molybdate were used, A ,  labeled 
( NH, ) 2MoO," and, B, marked "Rausch and 
The former had a pronounced arnmumiacal smell and gave ,  on 
analysis, results closely con forming · to the hepta molybclate, 1 8  
1 6  Zeit .  p h .  Ch. 29, 4 5 5 .  ( 1 899 . ) 
17 F o r  malic and citric acids,  see 
1 8 It i s  to be regretted that a false and mi sleading formula should appear on t h e  
la bel. 
5
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( ::'-�H4 ) 6:\/fo7024 .4H20.  The latter was  more acid than the hep­
tamolybdate and gave 7.05 % of NH4 instead of 8.75 % and 
55 . 501;10 of Mo, instead of 5.+.36'!< . 
Two solutions of ammonium molyhdate were used in the course 
of the work. One of  them, marked "Sol .  xm" was made from 
sample B ( see above ) the other, marked "Sol .  2 xm' ' was made 
from sample A. 
SOLUTION X l\T. 
53  grams of  the salt were di:;solved to make 1 000 cc . After 
filtration, 5 cc.  of the solution, on evaporation and gentle ignition 
with nitric acid ,  left a residue of 0.2200 gram of l\ lo03, whence, 
the solution is  0 .305 molar as to MoO". 
SOLUTION 2 X M .  
1 07.028 g of  the salt ( sample  "A" above )  were dissolved in 
water by warming and made up to 500 cc. The solution, not be­
ing perfectly clear, was filtered .  This  solution i s  1 .2 molar as to 
Mo00• 
SODIUM MOLYBDATB. 
A commercial sample, bought as Na21Vlo04.2H20, was found to 
contain a large amount o f  sodium trimolybdate and was unfit for 
use.  
The salt is ,  however, easy to prepare. The following method 
was usecl. 1 70 g of  sodium hydroxide ( C.P. ,  sticks ) are dis­
solved in  600 cc. o f  water in a nickel 19 beaker, heated, and 288 g 
of  molybdic acid ( C.P . )  added in portions to the finally, boi ling 
solution. Before add ing the last portion, the mixture is  colored 
reel by a l ittle phenolphthalei11, and then the color removed by 
dissolving a little more MoO� in  the boiling liquid. The solution 
is  filtered and made slightly alkaline by cautiously adding a normal 
solution of sodium hydroxide. It is ,  of course, possible to avoid 
adding phenolphthalein to the solution, but the neutral ization takes 
more time. and nothing is  gained. The liquor is next concen­
trated till a crystalline crust begins to form while boiling, and is 
then allowed to cool. 
Successive crops of  crystals are obtained in  this way, 20 almost 
all the excess of  caustic soda and the indicator, remaining in the 
last mother liquor .  The crude product is very nearly pure. It 
may be recrystallized once · or twice from water, or in  case small 
quantities ( uncler 500 g) are being made, may be first washed with 
19  Porcel a i n  can be us.c<l.  
20 It is nat11ra1ly advantageous to start  \\·ith a much l a rger amount of  mate rial  
than that stated. 
6
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50% alcohol , while still moist on the Hirsch funnel, then dissolved 
in the smal ler quantity of distil led water, fiHered and precipitated 
by the gradual addition of alcohol .  The pure salt forms lustrous, 
pearly, scales soluble in less than their own weight of water. The 
solution, on addition of phenolphthalein, shows no alkalinity. but a 
drop o f  decinormal sodium hydroxide turns the mixture red. Ad­
dition of an excess of hydrochloric acid should produce no efferve­
scence ( absence of bicarbonate ) .  These tests should always be 
applied to the material used and should constitute a specip:cation 
if the salt is purchased . 
In the determination o f  the water of crystallization, the follow­
ing results were obtained. 
A. Air dried salt taken : 
Air dried after igntion : 
Loss : 
% of water found : 
% o f  water theory : 
0. 5063 g 




Further heating to .complete fusion did not change the weight. 
B .  Sample o f  another preparation. 
S alt taken : 
Weight a fter fusion : 
Loss : 
. % water found : 




The anhydrous salt is excessively hygroscopic and rapidly gains 
weight on exposure to the atmosphere. The hydrate slowly ef­
floresces i n  a vacuum, but not  by ordinary exposure to the a ir .  
An attempt was ,  at  first, made to prepare sodium molybdate by 
boiling ammonium molybdate with a slight excess of sodium car­
bonate ( see below ) ,  but the method is not a good one, since the 
expulsion of all the ammonia and the removal of the excess of 
sodium carbonate constitute serious difficulties . 
SOLUTION 4 X M .  
2 1 4  grams o f  ammonium hepta-molybdate were boiled for sev­
eral hours with 1 08 grams of sodium carbonate and a current o f  
a i r  passed through the hot l iquid till absolutely n o  odor o f  am­
monia could be perceived . The solution was made up to one l iter 
and filtered . H contained a little ammonia and some carbonate . 
21 Hea ted to faintest redness. 
7
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It was slightly alkaline to phenolphthalein. This solution is about 
1 .2 molal. 
SoLU'rION 5 X M .  
78.65 grams o f  pure sodium molybdate were made up to  250 cc. 
This solution is 1 .3 molal. 
SoLU'rION 6 X M .  
1 5 1 .25  grams of sodium molybdate were made up to 250 cc. 
This i s  well within the solubility limit of  the salt .  The solution 
should be 2 . 5  molal . Its densi·ty was determined as follows : 
Weight in air at 2 1  ° .2 of 28.6485 cc. ( true capacity o f  the 
pyknometer ) at 20° .7, was 40.2336 g. ,  or, reduced to vacuum, 
40.2696 g. Hence, D 2�:·7 =--.: 1 .40533.  The concentration of . the 
solution was controlled as follows : 
4 .2395 g. of  the solution were weighed in air, equivalent to 
4 .2423 gr.ams in vacuum. On ev:aporation and ignition 22 a residue 
of  1 .5 568 g.23 ( weighed in  air ) was obtained, being 36.697% of 
Na)\1o04• Hence, the solution contains 5 1 5 .71 5 grams per liter, 
instead o f  5 1 5  grams as made up to be. This slight excess is too 
small to be of any practical moment. 
PREPARATION oF A M MONIUM MoLYBDA'rO MALA'rE 
Thirty grams o f  ammonium heptamolybdate were dissolved in 
5 5  cc. o f  hot water and to this were added a solution o f  20 g. of 
malic  acid, 7 cc. of glacial acetic acid and about 5 g. of ammonium 
acetate in 20 cc. of  water. The solution was quickly cooled. A 
colorless crystalline precipitate slowly separated, which was filtered 
off on a Buckner funnel by suction, washed with dilute alcohol and 
dried in a disiccator. The mother liquor, after standing several 
days over sulphuric acid, gave an abundant second crop of the 
same. crystals. 
The molybdenum was determined by repeated moistening with 
nitric acid and ignition at a low temperature. The ammonium 
was determined by distillation with a concentrated KOH solution, 
and titration of the expell'ed ammonia, in the usual manner. 
The first crop of crystals gave 47.44 % of Mo03 and 5 .69% of  
N H4, second determination, 5 .75 % N H 4 •  The second crop gave 
47.43 % of 1\fo03 and 5 .60% of KH4• 
Calculated for the formula, Mo02 : C4H300NH4• l ·h H20, 
47.37% Mo03 and 5 .88% of NH4• 
This salt is comparable with the compound, Mo02 : C4H30.,Na. 
2·2 For precautions see Andrews, 1. c. 
23 After a seccnd ignition, 1 . 5 5 56  g. 
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li H20 prepared by Henderson, Orr and \Vhiteheacl."4 It is  very 
sen sitive to l ight, becoming rose colored on exposure. The sodium 
salt, according to Henderson, turns blue in the light . In case o f 
the ammonium salt I have only observed this colomtion in the 
solutions, not in the salt itself .  
POLARIZATIO N o F  T H E  MoLYBDATOM ALATE SOLUTIO N S  
The Bates polariscope was  used throughout, in con j unction w ith 
a "stereopticon" electric bulb as source o f  light, ancl a clichromate 
ray filter. The solutions are colorless or very nearly so, but are, 
nevertheless, no easier to read than are the yel low mixtures con­
taining uranium, becatJSe their rotatory d ispersion d iffers f rom 
that of the quartz compensator of  the polariscope ; hence when the 
two halves of the field are brought to the same brightness, they 
differ in color. This effect is much greater in the more concen­
trated solutions than in those containing low percentages of molyb­
datomalate . The difference in t int confuses the j udgment as to 
equal brill iancy, more or less, but not enough to seriously impair 
the accuracy of the results ,  particularly since the absolute errors 
are very small in the case of the weak solutions. The observa­
tions themselves, as recorded in Tables I ancl I I ,  show the magni­
tude of these errors . 
The first series o f  observations ( see Table I )  were upon solu­
t ions made up with ammonium molybdate and sodium mabte, w ith 
or without acetic  acid. The chronological data given in Column 
2, refer to the time elapsing between making the mixture and ob­
s erving the polarization. The times given are only approximate 
and are subj ect •to an error of several minutes for the shorter 
periods. 
Experiments 1 to 1 1  MM, Table I relate to the influence of 
v arying amounts of acetic acid upon solutions o f anm10nium moly­
bdate in which the molal concentration o f  Mo03 ('·----0.06 1 ) and 
that of malic acid (=0.0365 ) remained constant. The results of 
the observations are plotted in Fig. 3,  Curve A, with the normalities 
o f  the acid as ordinates and the "rotation co-efficients" (V /p) as 
abscissas. It will be seen that, in the non-acidified solutions ( 1 
and l a  M M ) ,  the rotation is at first slightly negative, but becomes 
zero, or  too small for observation on standing."" \Vi th acidity 
further increasing. the rotation is positive, a1!cl grows at a dimin­
ishing rate, until the acid is about 0.6 normal, from which point it 
24 L. c .  
25 Compare a lso Table II ,  solution 29 l\fal. 
9
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remains practically constant, until the acid is about 1 . 1  normal , 
a fter which it slowly diminishes. 
This last stage can only be observed in those mixtures that have 
a relatively low Mo concentration, because, when the latter is high, 
before the amount of  acetic acid i s  so  greatly increased as to reach 
this point, the solutions become turbid before they have stood long 
enough to attain a fixed rotatory power. It may in  general be 
said that solutions o f  high acidity do not require so much time to 
attain a maximum rotation as do those deficient in acid. It should 
be noted that solutions 1 to 1 1 l\I.M clo not possess a sufficient ex­
cess of molyhdate for development of  highest rotation.  They are 
only devised to exhibit the influence of changes in acidity. 
RELATION or; ::.\L\LI C Acrn Co�ct x1'RA1'IOX To RoTATORY PmvtR 
Solutions 21 to 26 JVDI, inclusive, form a group in  which the 
M o03 concentration is  0.48 molal and the acet'.c acid concentra­
tion i s  N/1 .  The total acidity ( clue to malic and acetic  acid ) does 
not vary far enough f rom N/l to appreciably influence the re­
sults. In  this group, the rotation increases a little faster than 
the mal ic  acid percentage. Computation shows that the relation 
i s  sat isfactorily expressed by the following equation : 
I> = 0.02248V + 0.00522 \i V 
i n  which, as el�ewhere in this paper : 
p = grams of malic acid in 100 cc. of the solution at 20° ,  
V = rotation i n  Ventzke degrees, at 20 ° ,  i n  200 mm. 
Eq. 3 
The percentages and corresponding rotations, as computed from 
this equation, are reproduced in Table IV. Comparison of the 
data observed with the computation will be discussed later .26 
A second group comprises solutions 12, 16. 17, and 18  M M ,  in 
which the normality o f  the acetic acid i s  1 .725 and the molal con­
centration o f  the MoC\ is 0.60. The solution 20 MM can also be 
considered as  belonging to this group, although its acidity ( due 
in part to free rnalic acid ) is 1 .925.  The difference does not 
quite cornpen�ate for the lowering o f  the rotation caused by the 
substitution of sodium for a111rno11 ium molybdate. It  wi ll be no­
ticed that this group of  sollll ions exhibits a slightly lower rotation 
than the preceding, in spite o f  increased acidity. This can only 
be clue to the higher molybdate concentration.  Solutions 1 5  and 
19 :\I M ,  having the h igh acidity, 3 .45 N, exhibit a still higher 
rotatory power. The curves for the set of these solutions is not 
shown in Fig. 1, but it would lie between Ctir\·es ,\ and B. Corn-
2G See p.  and Fig.  1 ,  C urve ,.·/ . 
10
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parison of  the observations on solutions 21 to 26 MM,  inclusive, 
with Equation 3, gives an average difference between computation 
and observation of  rather less than 0.01 8(/u . A similar compari­
son for the second set of  four solutions with the following equa­
tion : 
p = 0.023 V + 0.005 V V  Eq. 4 
gives a mean difference of 0.007 % .  
Some o f  the solutions in which ammonimn molybdate was used , 
particularly those where the concentrations of molybdate , malate, 
and citric acid were rather h igh, g-;ave trouble in consequence of  a 
tendency to become turb: cl or to deposit crystal l ine crusts .  The 
precipitate did not al ways contain malic acid, but it was impossi­
ble to have full confidence in  observations made af ter such changes 
began. Occasionally  they did begin before the solutions had stood 
long enough to give assurance that the observed rotation was a 
maximum. Therefore a set o f  solutions was made up with sodium 
rnolybdate in phce of  the ammonium salt . The observations 
thereon are recorded in the follow:ng Tab le I I .  The difficulty 
alluded to was greatly reduced by the change . 
The solutions that are half molal as to sodium molybdate and 
normal as to acidity have a rotatory power which increases more 
slowly than the malic aci d percentage "' and which is a l i ttle lower 
than that of the ammonium rnolybcl ate mixtures of l ike rnalic con­
tent. \,Yhen, however, the acetic acid concentration is raised to 
1 . 5  normal ; the curve becomes greatly flattened, in fact almost 
str�ight . l.n thi s case , the rotatiun is  formulated with sufficient 
accuracy for many purposes by the l i near expression : 
V = 40.62p, or p = 0.02461 8 V  &.!. 5 
There is, i ndeed, a slight tendency for the rotation to fall off in 
the upper part of  the curves.  The departure i s  not much larger 
than may be accounted for hy ob<ervation errors .  A rather better 
agreement, howcxer, is secured by the equation : 
p = o.0243 v + o.ooo oos v2 Eq. 6 
The following- little t;ibk pre,ents a comparison of the results 
o f  both computations with the observations : 
,All. v % Cc Q. 9 EQ. 9 Dn'F. 
Eg. 1 0  
D1FF. I -1 ·· . M.\LIC E . I EQ. 10  N o .  ! TAKEN lo c,\L. % CM .. --- 1 -- - --- - --- ---- ---·- --· -
39 1'1M / 20.47 o.so27 o. 59394 1 o.49952 0.001 2 +  0.0032- _ 
46 1IM 41 .29 1 .0054 1 .01 647 1 .0 1 190 .Ol 1 1  + .001 1 + 
38 M M  81 .40 2.0 108 2.0064D 2Jll 1 l .S .0044- .00035 + 
49 M M I 81 .23 2.0108 1 .99975 I 2.00680 .Cll 1 0- .0040-S u M  OF ERRORS O]:Tn- -0.00S6- -
27 See curve A, Figure l .  
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I N FLUENCE OF ACIDITY ON ROTATIO N  
I f  a neutral solution of sodium molybclate be added to  one o f 
sodium malate, the mixture is albaline to phenolphthalein. The 
same thing occurs even when the malate solution before mixing is  
faintly ac id ( Exp. 29 lVIM, Table I I ) .  In this  case, the mixture 
has a smal l negative rotation , which becomes on standing several 
times smaller than at first and nearly disappears . I f ,  to such a 
solution, a drop of di lute phenolphthalein be added and then very 
dilute acetic acid, til l the red colorations vanishes, the rotation 
becomes zero. I f  more acetic acid be added no apparent result 
follows until the acidity attains 0.03N about ( So l .  30 M l\I ) ,  when 
a small positive rotation ( 1 . 1 \' )  sets in.28 I n  solution 3 1 >.I M ,  at 
acidity 0.06 N, this rotation had not, seemingly ,  increased. This 
was probably simply due to the fact that this solution had not been 
kept long enough. The feebly acid mixtures are extremely s low 
in reaching an equilibrium. The next step in the same direction 
is seen in Sol . 28 :M M ,  in which no acetic acid was used, but whose 
acidity was 0. 12 N, clue to the contained f ree malic acid .  The 
positive rotation is now somewhat larger, but only about one-fi fth 
what it would be i f  the mixture were strongly acidified. 
The effect of  acetic  acid on a solution that has 0.061 mols o f  
Mo03 and 0.03654 mols o f  acetic acid per l iter i s  exhibited i n  the 
form of a curve 29 in Fig. 3 .  The numerals attached to observed 
points on the curve relate to solutions 1 to 1 1  M M ,  Table I .  
A maximum rotation is  arrived a t  when the mixture contains 
about 3t per cent of acetic acid, and remains unchanged until 9 
per cent i s  present, when it begins to fall off slowly. This de­
pression has not been noticed in solutions considerably richer in  
molybdenum. Thus, for  example, the mixture 1 9  MM, contain­
ing 20.7% of acetic acid and once molal as to l\Io03 displays the 
highest relative rotation yet observecl. 30 
Cun·e B ( Fig. 1 )  exhibits the effect of increasing closes of ace­
tic acid on a solution 0. 1 3  molal as to molybclic and 0.06 molal as 
to malic acid. I t  is  based on the observations made on sodium 
molybdate mixtures 27, 28, 29, 30, and 31 M :\I .  
I n  order to gain some information concerning the action o f 
acids other than acetic, solutions 47 }l M and 42 M M  were pre­
parecl, the first acidified with hydrochloric acid ,  the last with citric 
28 I n  case o f  the 1\ mmonium malybdate m i xtures ( 1  and l a  1\fl\'I, Table I )  the 
neu tral point  of zcrn rotation occurred, ·without addit ion of any acid. 
2!l A. certain inaccu racy is involved in the nhservati ons on sol u t i o n s  of v e ry low 
acidity, owing t o the previously ment ioned fact that they are extraordinarily slow in 
arriving a t  a state of e q u il ibrium. 
30 Consult also 15 M:\I, Table I . 
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acid, both being made of normal acidity.31 Comparing these with 
36 and 36a M M ,  we find that the substitution of hydrochloric acid 
for acetic lowers the rotation from 36° .94 to 30° .88, while when 
citric acid is used, the rotation becomes 6.00 to 6.39, being a dimin­
ution of 6.06°V in the former case and of  about 24 ° .5V in the 
latter . The explanation o f  this remarkable difference is not ob­
vious. The only safe in ference is, that the various acids do not 
act in this reaction merely as acids, that is in virtue of their func­
tion as generators of hydrogen ions ; but, that the action in each 
case may be specific. It is interesting to note that the rotation 
of the mixture that had the citric acid was raised to a high point 32 
namely to 63 ° V, nearly by the addition of  acetic acid . 
TnB C H ANGE: OF ROTATION WITH TrMr� 
Practically all the observations recorded in Tables I ,  I I ,  and  I I I, 
show that there is a steady increase in rotation ra fter mixing the 
molybdate with malate and acetic acid, which continues in  some 
cases for several days and approaches a maximum. Inspection o f  
the data brings out the further fact that the increase i's , a s  a rule, 
more rapid in the highly acidified solutions than in those that are 
less sc. 
From the mass action law, the following relation can be easily 
deduced, expressing the enhancement of  rotation .  with lapse o f  
time : 
t = VlkA (A-V) Eq. 733 
in  which A is  the maximum rotation and k the time coefficient .  
This equation is valid for solutions of  ample acidity. From ob­
servations at any two suitably selected times, the values of k and A 
can be computed. For solutions o f  1 . 5  N acidity, the value o f  k is  
about 0.056 : however, the temperatures were not sufficiently con­
stant to afford more than roughly approximate results . Further 
study is desirable. 
T1nt INFLUENCJ\ oF CrTRATBs OK THE ROTATION 
The addition of sodium citrnte to an acid solution of malate and 
molybdate increases the rotation, whenever the excess of the lat­
ter i s  such that there is no competition for its possession, H be­
tween the malate and the citrate . This phenomenon is in  striking 
31 See also 42.d MM, Table III. 
3i2 See 42b MM, Table III. 
3·3 When the difference between A aud V has beCome smal11 it  is  convenient to 
use for co mputation the simplified form : A=V + l/kt . 
. 314 The molar concentration of the molybdate should be not much (if at all) less 
tk!n 2ft times the sum of the molar  concentrations of malate and citrate. 
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contrast with the action of citrate on mixtures of malate and 
uranyl acetate, where a depression of rotation always takes place. 
The amount o f  increase produced is greatly affected by the 
acidity of the solution and is not proportional to the concentration 
o f the citrate. Thus ( Exp. 32 �I l\1, Table I I I ) ,  0.467 % of  citric 
acid in a mixture whose acidity was 1 .378 N,  enhanced the rotation 
by 8° .2 V above what it would have had without the citrate, and 
then, when part  of the free acid was neutralized ( Exp. 33, M :'IT ) ,  
the enhancement was only 5 ° . 5  V, after al lowing for the di lution. 
Very instructive in this regard are 34 and 3 5  MM, both o f  which 
had 1 .005 % of rnal ic acid and were of normal acidity. \Vithout 
citrate they would have rotated 36° .95 V ( compare 36 and 36a 
1\1 M ) .  One of them rotated 43 ° 3 V, with 1 .68% of citric acid, 
while the other had 0.84 '/o and rotated 44° .5 V. Here the en­
hancement is less ,  not only relatively, but absolutely, in case o f  the 
higher percentage o f  citric acid. The explanation is ,  o f  course, 
that the acidity is not sufficient to develop the full enhancement . 
Deficient acid has precisely the same effect as deficient molybdate. 
It is of interest to note that the solution which was acidified with 
hydrochloric acid ( 47 .M M ,  Table I I ) ,  on addition of citric acid 
( 48 M M ,  Table I I I ) ,  underwent a more powerful enhancement 
of rotation, relatively to its citric and malic acid content, than 
any of the mixtures that had been acidified by acetic acid .  The 
enhancement was,  in fact, about equal to that which would have 
been produced by addition of  an equivalent amount of malic acid .  
·when the citr ic acid concentration is plotted against the rota­
tion, ( rnalate, molybclate and acetic acid remaining constant and 
being sufficiently in excess ) ,  curves arc obtained, two of which are 
presented in Fig. 4 .  Both o f  them are for solutions i molal  as to 
sodium rnolybdate and 1 . 5 normal as to acetic acid ,  one o f  them 
containing 1 .0054 grams o f  malic acid per 100 cc, ( 0.075 molal ) ,  
the other, 0.5027 grams. The observed points on these curves are 
numbered, to facil itate reference to the tables. The same data 
have been used in the construction of Table IV,  which gwes 
for each 1/ 10% of citric acid, the corresponding rotation.  
For the solutions containing more than 0.5 per cent o f  citric 
acid and having 1 .0054 g. per 100 cc. of malic acid ,  the enhance­
ment of rotation is approximately proportional to the square root 
of the citric acid percentage. It is represented exactly by the 
equation : 
E = 14.35 v'p - 0.058p Eq. 8 
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For solutions of  0.5 per cent and less, the enhancement increases 
at a more rapid rate and i s  expressed by the formula : 
E = 14.45 p + \llOp Eq. 9 
These formulas were med for the interpolations presented in 
Table V. The degree of  concordance between the calculated and 
observed results may be judged from the comparisons in Table 
VI. Curve A also seems to have a break in the relation factor at 
about the same point, viz .  0.5 % .  
CONCLUSIO NS 
1 .  M alic acid can be sati sfactorily determined by the rotatory 
power of  the complex which it forms with an excess of  molybdate 
in  a solution strongly acidified by acetic acid .  For this purpose, 
either the conditions governing Curve A, Fig. 1 ( ammonium 
molybdate 0.48 molar, acidity normal ) ,  or those governing Curve 
B ( sodium molybclate � molar, acidity 1 . 5 N )  can be selected. 
For concentrations of  malic acid 0.5 % or less ,  there i s  but l ittle 
to choose between them. For concentrations above 1 %, the last 
named conditions are to be preferred . The method is but slightly 
inferior in  accuracy to the uranyl procedure, when the latter is 
executed with the precautions laid down in a previous paper. 35 
For very small amounts of malic acid, however, it will probably 
be found more advi sable to employ the uranyl method.  
2. Citric acid can be determined by its influence on the rota­
tion of a malate-rnolybclate mixture, whether malic acid  be orig­
inally present or absent. Tn the latter case, the necessary amount 
of sodium molybclate, malate, and acetic acid are added to con­
form with the conditions of Curve B,  Fig. 2, and the rotation of 
the mixture i s  observed. In the former case, the amount of malic 
acid present is ,  first, determined by the uranyl method,36 and, 
then, the necessary a111mmt of  rnalate is aclclecl to bring the con­
centration of  the latter to 0.075 molar ( 1 .0054 % )  and of  sodium 
molybclate to  bring its concentration to i molar, and the rotation 
observed. 
TnE A:KALYTIC\L PROCED1-;RE 
1 .  \!Vith Ammonium Molybdate. 
Prepare a 5 � solution of acetic acid and a 1 .2 molar solu­
tion of  ammonium rnolybdate. 37 
35 ] our. Am. Ch. Soc. 
3u L. c. 
37 See p. 
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l'\ eutralize the rnalic acid solution with sodium hydroxide and, 
i f  necessary, dilute it until it docs not contain more than � gram 
per 1 00 cc. Pipette 25 cc. o f  this solution into a 50 cc. graduated 
flask, add 20 cc. o f  the ammonium molybdate solution, and make 
up to the mark with the 5 N acetic acid. After standing in a dark 
place for not less than 20 hours, polarize in the 2 elm. tube, if the 
solution contains over 4/ 10% of malic acid, otherwise, pre ferably, 
in the 4 dm. tube . Table VII  will then give directly the desired 
percentage of malic acid in the mixture, twice which is  the per­
centage in the neutralized, diluted l iquid . 
2. Sodium lVIolybdate. 
A 5 N solution of  acetic acid and a 2 . 5  molar solution of sodium 
molybdate "8 are requisite. The latter should be perfectly clear 
and should meet the tests prescribed ( p. -) . 
Neutralize the malic acid solution with sodium hydroxide, and, 
bring i t  to a certain stated volume, such that the liquid shall not 
contain more than 4 or 5 grams of rnalic acid in each 1 00 cc. 
Pipette 25 cc. o f  this solution into a SO cc. graduated flask, add 1 0  
cc. o f  the sodium molybdate solution, and make u p  t o  the mark 
with pentanormal acetic acid .  Shake well ancl polarize after 
standing for twenty hours or more in the dark. It i s  a good pre­
caution to take a second reading six hours later, in  order to have 
direct assurance that maximum rotation was, in fact, practically 
attained at the time of  the first observation. 
3. Citric Acid. 
In  the absence o f  malic acid from the original solution it must 
be  added in sufficient proportion to make a mixture having either 
1 .0054, or, 0 .5027 grams to each 1 00 cc., preferably the former, 
when ready for polarization. If the citric acid solution is already 
so weak that further dilution seems inadvisible, it  i s  an excellent 
plan to add the weighed malic acid in crystal form. The change 
o f  volume may be ignored. Otherwise. it may be introcluced in the 
form of  a concentrated solution of  malic acid ,  by a pipette .  Then 
the mixture is neutralized by sodium hydroxide and its subsequent 
volume determined. The simplest teclmic1ue is to use a flask with 
one mark at 90 cc. and a second one at  100 cc.  The ori[inal 
l iquid is filled to the 90 cc. line, the malic acid aclclecl ,  the liquid 
neutralized, ancl di luted to the 1 00 cc. mark. Twenty-five cc. 
are now transferred by a pipette to the 50 cc.  flask, ten cc .  o f  the 
sodium molybclate added and the whole made up to 50 cc. with 
pentanormal acetic acid .  Af ter standing 20 hours in the dark, 
ss See p. 
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the mixture may be polarized, in a two or four decimeter tube. 
The errors of observation are least when the amount o f  citric 
acid present i s  about equal to that of the malic . One should 
always run a blank, containing the stated amount of  malic acid 
but no citric ,  so  as to be sure that the  fundamental rotation o f  the 
malic complex is correct . 
\\'hen the solution to be analyzed already contains malate, the 
first step i s , to determine the amount thereo f by the method de­
scribed in the preceding paper,"9 then, to a second portion add the 
requisite amount of  malic acid to give a 2'/o solution, when pro­
ceeding as in the foregoing paragraph after neutral ization . All 
fol lowing steps are as above described. 
From Table V the percentage of  citric acid, corresponding to the 
observed rotation, can be taken. This figure nrnltiplied by 2 2 .19 
gives the amount o f  citric acid in the original solution, in grams 
per 100 cc., provided the technique outlined above i s  adhered to. 
GE:r-a:InL SuM l\L\RY 
The optical rotatory power of the complexes formed in strongly 
acidified solutions by the action of malic acid on molybdates, in 
presence and absence of citrates, has been stU<:lied with the fol low­
ing results : 
1 .  One of the complexes in question has been isolated and an­
alyzed. 
2 .  It  has been shown that the properties of the mixtures ,  in­
cluding rotatory power and action o f  aci ds  and alkal is , -are in en­
tire lwrmony with the theory that the optically active complex to 
which the rotation ( under defined conditions ) ,  is due, i s  a mono­
basic acid , derived from one molecule of  malic acid by replacement 
of one hydrogen atom in the alcohol group and one in a carboxyl 
group, by a clotthlecl molydenum trioxide residuum, and containing 
a closed, six membered ring. 
3 .  It is demonstrated that a mixture of a malate with an alkali 
molybclate, neutralized after mixing, has no rotatory power. 
4 .  Snch a mixture, on acidi fication, acquires a positive rotation, 
which with increasing acidity becomes greater, approaching a max­
imum, when acetic acicl is used . 
5 .  The amount of the rutation varies according to the nature of 
the acid added. It i s l! Ol  in the order of the relative "avidities" 
( electrolytic dissociation constants ) of  these acids , but is a specific 
character o f  each. 
39 c. c . ,  p .  
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6.  The amount of  the rotation , when the mixture is strongly 
acid, is almost but not quite, a linear function o f  the malic acid 
concentration. The exact relation is presented in tables and in 
graphic form. 
7. The rotation of such solutions can be employed success fully 
for the analytical determination of malic acicl ,  in the absence o f 
interfering substances, and a detailed plan of procedure is worked 
out for this purpose. 
8. It is ascertained that the reaction between a malate and a 
molybdate i s  not instantaneous, as shown both by the polarization 
ancl by chemical means. About one clay is usually suffici ent for 
the rotation to become appreciably constant. An equation is  given 
for the relation between elapsed time and rotation. 
9. The preparation of pure sodium molybdate i s  described and 
suitable tests for it s purity are prescribed. The density o f  the 
2.5 molar solution of th: s salt has been determined with precision, 
as a convenient means of making up this reagent of the required 
concentration. 
10.  It is  found that citrates up to a certain concentration great­
ly enhance the rotation of molybdato-malic mixtures, in the pres­
ence o f  free acid. 
1 1 . The form o f  the function connecting the citrate concventra­
tion with the polari zation enhancement has been determined and 
is presented in  tables ancl curves .  
1 2 .  A method is described for the polariscopic determination 
of citrates, either \Yhen occurring alone, or together with malate .  
This investigation was carried out at the Bureau of Chemistry .  
I t s  initiation was clue to  a suggestion by  Mr.  H .  C.  Gore a s  to the 
desirability of looking into the spectroscopic behaviour of mix­
tures of  malic acid and a111111oniu111 molybd :tte. For this and other 
courtesies, I uesire here to extenu to him my corual thanks .  
18
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TAB LE I. O B SERVAT I O N S  ON M I XTURES CONTAIN I N G  
AMMONIUM MOLYBDATE 
1 2 3 
I 
4 
MOLAR CoNCT. OF M oO. MALIC LAll. No. AND ACID NORMALITY OF 
COM POSITION OF Tr ME AND POLARISCOPE MOLAR Acrn.rTY TH E MIXTURE READINGS CoNC. G. REMARKS IN 1()() CC. 
l MM 0.061 0.04176 00 
10 cc. Sol . xm 1 5  minutes 0.560 Compare 29 M M  
40 cc. M V = -0.24 ± .04 in 4 dm., 
(v.  pp. )  mean of  5 .  Two days later, 
rotation was zero. 
la  MM 13 minutes 
Dup l icate of 1 V = ---0.68+ .03 in dm. 
M M  mean of  5 .  -21 hours after 
v = 0+ .03 
2 M M 0.0598 0.0409 0.333 N 
50 cc of 1 M M  7 0  minutes, V = 26 04 ± .045 0.549 This mixtu re was 
1 cc glacial in 4 dm. mean of 10. 22 made from 1 MM,  
acetic acid = hrs. , V=261 5,  1 obs.  36 after the latter had 
2.05 % con- hrs. ,  V=26.306± .035 mean stood for 2 days. 
tained of  5 Compare 7 M M  
3 MM 0.061 0.03654 1 .725 N 
1 0  cc. Sol. xm 1 5  minutes, V= 13.66 + .08, 0.49 The mean of the 
35 cc. M mean of 4. 29 minutes;-V= last three sets is 
5 cc. gl. acetic 27.50 + . l l ,  in 4 dm. mean of  V= 14.06 in  2 dm. 
10. 21 hours, V=28.00 + .05 tube 
in 4 dm . mean of 5 ,  at 18° . 1 .  
2 7  hours, V=28.02 + .02, in 
4 dm. mean of 5 at 18° .9. 48 
hours, V=34+ .05, in 4 dm. 
mean of  4. 
4 M M  0.061 0.03654 0.5 N 
IO cc. Sol . xm 1 7  hours, V=29.00± .05 in 4 0.49 This solution con-
35 cc. M dm., mean o f  5 .  23 hours, ta ins 3 g. acetic 
5 cc. 5 N acetic V=29.02 ± .05, m 4 dm. ,  acid per 100 cc.  
mean of  5.  5 days , V= Accepted mean, 
29. 1 5 ± .04, in 4 dm., mean V=14.52, in 2 dm. 
of 5. 
5 MM 0.061 0.03654 0 .08 N 
10 cc. Sol. xm 2 hours, V= 1 5 .66 ± .04, in 0.49 First set of obser-
35 cc. M 4 dm. ,  mean of 5 .  21 hours, vations made in 
2 cc. 2 N acetic V=7.852 ± .038, s . and H. Schmidt and Ha-
3 cc. water mean of  5. 24 hours, V= en sch instrument. 
1 5 .99 ± .05, in 4 dm., mean Mean for 2 dm. 
of  5 .  V=16.04 + .034, in  4 V= 7.976 
dm., mean of 5. -
6 M M  0.061 0.03654 0.04 N 
10 cc. Sol.  xm 22 hours, v =-0.256 ± .39, 0.49 
35 cc. M in 4 dm., mean of 5 .  4 days , 
1 cc. 2 N acetic V=-0.25 
acid 
4 c c .  water 
7 MM 0.061 0.03654 0.345 N 
IO cc. Sol. xm 2.05 minutes, V= l2.76 +  0.49 Compare with 2 
35 cc. M .054, in 2 dm., mean of 5 .  3 MM 
1 cc .  gl .  acetic  days ,  V= 13.006, mean of 5 
5 cc. water 
21
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1 
LAB. No. AND 
CoMrosrTroN oF 
TH E  MIXTURE 
2 
MOLAR Co:-icT. OF .Mo Os 







Df 100 CC. 
8 M M  0.0610 -0.6365-4 
10 cc. Sol. xm 2 days, V=l4.70, one obs. 0.4900 
35 cc. M 3 days, V= l 5.0l ,  mean of 5 .  
2 cc. gl . acetic Total mean,  V=l4.96 
3 cc. water 
9 :MM 
10 cc. Sol. xm 
35 cc. M 
3 cc. gl. acetic 
2 cc. water 
0.0610 0.03654 
2 days. V= l4.95, mean of 2 0.4900 
----- -- -- -------- ---
10 MM 0.0618 0.03654 
10 cc. Sol. xm 2 davs. V= l4.71 .  Some 0.4900 35 cc. M crystailization had occurred 
4 cc. gl. acetic 
1 cc. water 
-1 1 M� 0.0610 0.03654 
10 cc. Sol. xm 2 days, V=l4.88, mean of 2. 0.4900 
35 cc. M 3 days. V=l 5.05. Total 
2 cc. gl. acetic mean V= l 4.97 
3 cc. 2 N acetic 
ContaiEs 4.86 g. 
acetic acid per 
100 cc. 
1 2  M M  0.6 I 0. 1 500 
25 cc. Sol. 2 xm 12 minutes,  V=84.90. 16 2 .012 
20 cc. 3 J\I minutes, V=85.30. 18 hours, 5 cc. gl. acetic V=85.35, mean of  2 obs. 
19  hours by Na light in 
large S .  & H. ad 200=30° .32, 
equivalent to V=87 ° .40. The 
salt had crystalized out a 
little over night 
- ---- - -------c-c------ -��� 
1 3  M M  0.6 0. 1 500 
25 cc. Sol. 2 xm 5 minutes, V=60.0. 80 min- 2.0 1 2  
2 0  c c .  3 M utes, V=68.47 ± .024, mean 
2 cc. gl. acetic of 5. Next day a heavy 
3 cc. \vater crystalline deposit had form­
ed 
14 M M  0.6 10.675-25 cc. Sol. 2 xm 1 0  minutes, V=36.6. 25 1 .006 
10 cc. 3 M minutes,  V= 38.83. Later / 
2 cc. gl. acetic crystallization made further 
�- c·c water �;iclit1E5 imp()s��--






This solution has 
insufficient molyb­
date for the mal­
ate. It should be 
at least .075 malar 
to be comparable 
with 13 and 14  
J\IM 
1 .035 N 
l .38 N 
0.81 N 
Mean of 8, 9 and 
11 MM. 
=14.96± .007 
1 .725 N 
This solution was 
difficult to read. 
The observations 
show that Na light 
gives a rotation in 
this case about 2 %  
higher than the 




See 16  MM 
0.68 N 
The amount of 
acetic acid present 
is too small for the 
high concentrations 
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LAB. No. AND 
COMPOSITION OF 
THE M IXTURE ! 
_
2 __ [ 3 
I MALIC MOLAR Co"1CT. OF M oOa Acrn 
T P I MOLAR I ! M E  A.'!D OLARI SCOPE C G 
EEADINGS 





1 5  M M  0.24 I 0.0375 i ---3.4_5_N 
10 cc. Sol. xm 10 minutes, V=21 .29+ .04, I 0.503 I These data show 5 cc. 3 M 1 mean of  5 .  20 hours,-V= 1 I that the high acid-10 cc. gl. acetic • 2 1 .47 ± .02, mean of 5. At l· 1 ity hastens the at-
25 cc. water this time a s light crystalliza- 1 tainment of the 
tion appeared 1 maximum. . Com-
Sol.  16 :\I Y!: 0.6 
I --�- pare 1 4  M M  etc. 0.075 1 ---f725 N --
25 cc. Sol. 2 xm 1 0  minutes, V=42.232 + .07, 
10 cc. 3 M ·1' mcan of 5. 40 minutes;--v= 
5 cc. gl. acetic 42.616+ .08, mean of 5. One 
1 .0054 Compare with 1 2  
1 M M 
1 0  cc. water day heavy cryst. deposition. I 15 days. The clear liquor I was decanted and polarized: 
I ------ 1 V=43. 1 94+ .03, mean of 5 ___ _ 
1 7  MM 0.6 I 0.0375 
25 cc Sol 2 xm 20 minutes V=20 29 + 12 5027 
5 cc. gl. acetic deposit 
. V=43° . 1 9  
1 . 725 N 
Cal.  r or I clay 
V=2I .39 5 cc. 3 ivI [mean of  1 0. 1 day, cryst. 
1 5  cc. water 
___
_
_ _____ _ 
1 8  MM I 0.6 0.0150 1 .725 N 2:5 cc. Sol. 2 xm 1 1 7  hours, V=7.83 ± .03, I 0.201 1 2 cc. 3 M /· mean o f  5 5 cc. gl. acetic 18  cc. water I --21i:111_1 _  0.48 -0 .-06-1_4_ --1-.00 N-acet-ic -
20 cc. Sol. 2 xm Scon., V=34. 14± .036, mean 0.8063 Free malic acid 
1 0  cc. 4 M of 5. 19 hours, V=68.95 +  Total aci ditv = l . 12  
10  c c .  S N acetic .07, i n  400 mm., mean of 5- N 
· 
1 0  cc. water 
22 MM 0.48 
20 cc. Sol. 2 xm SO minutes, Sol. turbid. 
IS cc. 4 M =52 about 1 30 minutes . 
10 cc. 5 N acetic =52. 1 3 + . 1 34 
5 cc. water -
0.09021 
v 1 .2094 
v 
23 M M  0.48 0:03007-
20 cc. So
.
I .  2· xm l3 hours, solution somewhat 0.4031 
S cc. 4 l\I turbid. 2 days, filtered sol . 
1 0  cc. 5 N acetic f rom crys. deposit and pol-
15 cc. water 1 arized. V=34.484± .014, mean of S in 400 mm. 
__ 2_4_M_M__ OAS '-o-.0-120_2_5 
20 cc. Sol. 2 xm Solution soon became tur· 0.16125 
2 cc. 4 M bid. 4 days, filtered from 
10 cc. 5 N acetic fine precipitate. V=6.74 + 
1 6  cc water .06, mean o f  10 
-
1 .00 N acetic 
Compare 26 M M  
Free malic acid 
The acetic acid 
added to the moly 
belate be fore the 
malic acid. Early 
turbidity results. 
Total  turbidity 
1 . 1 8 N 
1 .00 N acetic 
Free malic acid 
Total acidity=l  .06 
N 
1 .00 X acetic 
Free malic acid 
Total acidity=l .02 
N 
23
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1 2 3 4 
------- 1 --------- --- --------
LAB. No. AND 
COMPOSITION OF 
THE MIXTURE 
Mor,AR CoNcT. oF Mao. 
TrME AND Por,ARISCOPE 
READINGS 
25 MM 0.48 
20 cc. Sol. 2 xm 46 minutes, V=6.l l ± .06, 
1 cc. 4 M in 400 mm., mean of 7. 4! 
1 0  cc. 5 N acetic hours, V=6.346+ .029, in 
19 cc. water 400 mm., m ean of5 
26 M M  0.48 
20 cc. Sol. 2 xm 5 minutes, V=51 .88 + .04, 
15 cc. 4 M mean of 5.  20 minutes�V= 
10 cc. 5 N acetic 52. 1 1  + .07, mean o f  5 .  3 
















1 .00 N acetic 
Free malic acid 
Total acidity= l .01 
N 
1 .00 N acetic 
I dentical with No. 
22 MM, except or­
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TABLE II .  OBSERVATION ON MI XTURE S CONTAINING $O­
D I L.J M  M OLYBDATE 
2 3 4 
---- -- 1 ---------- 1 --
l\IA1.,1c 
LAn. No. AND .i\101,AR CoNCT. OF Mo03 
CO:l1POSITION OF ' T l\IrxTuRES ELAPSED I M E AND PoLARI -
scoPE READINGS 









25 cc. 2 Mol. 1 2  minutes, V=43.45 + .05, 0.075 3.45 ;\' 
N a,"M:o O. mean of 5. 190 minuteS, V 1 .0054 The comparatively 
10 cc. 3 M =43.73 + .084. mean o f  5.  small  rise in  rota-
10 cc. gl. acetic 245 minutes, V=43.88± .CJS tion shows the ac-
5 cc. water m ean o f  5.  22 hours, V= celerating effect of ______ 43.96± .03, m ean of 5 
1 ____ 1 high acidity. 
20 MM 0.6 
25 cc. Sol. 4 xm 1 0  minutes, V=66.36± .CM4, 
20 cc. 4 M mean of 5. 18 hours, V= 
5 cc. gl .  acetic 67.28 ± .032, mean o f  5 
27 MM 0 1 301 
5 cc. Sol. 5 xm 40 minutes, V=31 .75. mean 
10 cc. 1 4 M )o f  2 .  49 hours, V=32.974 + 
1 0  cc. 1 .3 N .05 1 ,  mean o f  5 
-
acetic 
25 cc. water 
22 MM 0 . 1301 
0 .12028 
1 .61 25 
0.06014 
0.8062 
5 cc. Sol. 5 xm 42 hours, V=5.44± .056, 0.0601 4 
1 0  cc. 4 M mean of 5 0.8062 
35 cc. water 
29 MM 0. 1 301 
5 cc. Sol. 5 xm 10 m inutes, V=abo11t -0.5, 0.06014 
1 0  cc. 4 M readings v i sibly diminishing. 0.8062 
10 cc. N 12 23 minutes ,  V=.428+ .054, 
NaOM m ean of 5. 1 7  hours, 71=-
25 cc. water . 1 2 ± .04, mean oi 5 
1 .725 N 
Free mali c  acid. 
Total acidity= 
1 .965 N. 
0.13 N 
Free malic acid. 
Total acidity= 
0.25 N, and i s  
somewhat deficient. 
It  is interesting 
tha t  this falls on 
curve B, Fig. 1 .  
The change of 
acidity and · of the 
N a,MoO, concen­
tration counteract­
ing one another. 





Free mal ic  acid.  
Aciditv=0. 12  N. 
The mixture was 




droxid used yery 
nearly neutralized 
the malic acid. The 
m ixture was alka-










-- 1----0-.1-3-01 ____ , ____ , __ 
To SO cc. of 29i At first no effect, V=.12.  
M M  was add- :45 hours ,  V= + l . 1 1  ± .077, 
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1 




To Sol. 30 MM 
was a dded 0.3 
cc. more 0£ s 
N acetic 
36 MM 
10 cc. 6 xm 
10 cc. 3 M 
10 cc. S N ace-
tic 
20 cc. \\·ater 
36 a MM 
Same ,as 36 
M M  except or-




10 cc.  6 xm 
10 cc. 3 ).1 
I 
IOWA ACADEMY OF SCIENCE 
· M,�r,!C I 2 ·--
1foLAR Co'.'!CT. OF MoOs Acm 
Mor,AR 
ELAPSED TIME AND POLAR!- CoNCT. 
SCOPE RtAD!KGS G. PER 
100 cc . 
0. 130I 
Soon. V= I .2 Acetic= 
0.06 N 
o.so 
20 minutes, V=36.S86± .035, oms 
mean o f  s at 20° .4. 3� LOOS% 
hours, V=36.542 + .034,1 
mean of S, at 20° .  22hours. I V=36.98S+ .OI8 mean of 5 -
at 20° . ----
0.50 
I hour, V=36.542+ .034, oms 
m ean o f S at 20° .2. 3 hours, 1 .005 % 
V=36.794± .03S, mean of 5 
at 200 .0. 2I hours, V= 
36.SS ± .014, mean of s at 
I 9° .8. 
o.so 
1 5  minutes, V=41.64 mean 0.07S 
of S at 20° I8 hours, V= LOOS % 
20 cc. 5 N ace- 42.614± .029 mean o f  5. 
tic 
10 cc. water ---· 
38 MM o.so 
10 cc. 6 xm I }  hours, V=81 . 13± .048, at 0. 150 
1 0  cc. 3 M  I9° .7 mean of S. 28� hours, 2.0I I % 
20 cc. S N acetic V=81.4, crystal formation 
10 cc. water began. --39 MM 0.50 
10 cc. 6 xm 22 minutes, V= I 9.99± .047, 0.0375 
S cc. 3 M  m ean of 5 at I9° .9. 43 hours, O. S02% 
1 5  cc. S N acetic V=20.47 ± .CJ22, at 19° .8, 
20 cc. water mean of  S. 
40 M.M o.so 
10 cc. 6 xm 24 minutes, V= 18. 1S ± .06 0.0375 
5 cc. 3 M  at 19° .7. 42 hours, V=I 8.89 0.502% 
10 cc. S N acetic ± .022, mean of  5 at 19° .7. 
2S cc. water ---- -
41 MM o.so 
10 cc. 6 xm 2S minutes, · V=62.5I ± . 1S ,  O. I SO 
20 cc. 3 M  at 19° .7. 42 hours, V=64.2I 2.0i l % 
10 cc. S N acetic + .076, mean of  5 at I9° .7. 
10 cc. water l 
-
4 
N ORJ\I ALITY OF 
ACETIC Acm 
REMARKS 
. 06 N 
The total acetic 
acid is  more than 
just enough to con-
vcrt the neutral 
ma late into acid 
malate. The mix-
tu re JS neutral to 
litmus paper, fair-
ly acid to the tine-
turc. 
l N  
This and the fol-
lowing solution 
showed a heavy 
precipitate on the 
second day. 
l N  
Z N  
See Fig. -. 
Doubling acidity 
has increased the 
rotation 1 5 % . 
1 . 5  N 
Compare 49 
1 . S  N 
I N  
I N  
26
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2 3 
------ --------- - - -
LAB. ?--io. A"fD 
MOLAR CoN CT. OF 1'1o0a 
COl\I POSJTION OF E . T ) 
MIXTURES 







1 00 cc. 46 }1M I 0.50 10 cc. 6 xm 1 1 4 minutes, V=40.65, mean 0.075 
1 0  cc. 3 M i of S readings increasing. 1 .005 % 
15 cc. S N  acetic l 23 hours, V=41 .29 + .04 
4 
N ORMAL!TY OF 
An;TIC Acrn-N OR­
:\I A!,JTY OI' TOTAL 
FRn: Acrn 
RE�L\RKS 
1 .5  1\' 
1 5  cc. water 1 mean of 5 at 20° .3. 
47 MM 0.50 
' --- ,  ·----
10 cc.  6 xm 8 minutes ,  V=30.88 + .046 0.075 
10 cc. 3 M mean o f  S .  not apparently 1 .005 ' 1)  
1 0  cc. 5 N HCl increasing. 
20 cc. water . I 49 M M  ---- -0. 50______ ---
10 cc. 6 xm 1 3  minutes , V=79.i7 mean l 11 1 50 
20 cc. 3 M of 5. readings increasing. 2.0108 
IS cc. S N  acetic 84 minutes, V=81 .02 mcan 1 
5 cc. water oi 5. 5 hours, V=Sl .09. 1 
( Next day some crystal iza­
tiu
. 
n occurred and the read- 1 
ing was reduced to V=80.3 )  
Calculated r�· max. is  8 1 .23. 
I N  H C l  
Compare witli No. 
36 and with No. 48 
( Tabl e VI ) .  
1 . 5  N 
Duplicate o f  l'\o. 
39, [.i'. 
The maximum val­
ue of  V, calculat­
ed from the time 
curve i s  81 .23. 
--------- ----- --- ·--- - ·  ------ -·------------
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TABLE l J I .  O B SERVATIONS O N  M I XTURES CONTAINING 
CITRIC ACID,  SODIUM .MOLYBDATE A N D  MALATE 
2 
LAB. No. AND l\foLAR CoNCT. OF MoOa 
Co;-.1 PosrTroN oF � 
MrxTvRES ELAPSED TIME AND POLARI-
SCOPE ]:{EADINGS 
32 .\I M 0.578 
20 cc. Sol .  5 xm 1 2  minutes, V=43.42+ .07 at 
JO cc. 4 M 20° .5, mean of 5. lTI min. 
5 cc. 4/10  mo!. V=44.2. 27 hours, V=44.32 
citric acid + .07, at 22°.4, mean of 5 















NORM ALITY OF 
ACETIC Acrn--NoR­
MALITY OF TOTAL 
FREE Acrn 
REMARKS 
1 . 1 1 1  N 
l.378 N 
� �  I ------- · --------____ , --------33 M M  0.4335 
30 cc. Sol .  32 1 1  minutes, V=28.66, mean 
l\IM of 5 0]1<;. made with readings 
1 0 cc. N12 rapidly increasing. 26 hours, 
NaOH V=30.686 ± ,27, mean o f  5 
at 22° .4. I 
34 .MM . y.so I 
10 cc. Sol . 6 xm 5 mmutes, f =41 .  1 7  hours,  I 
1 0  cc . 3 M V=43.288 ± .043, mean of 5 ,  
20 c c  . . 2  mo!.  at 20° . 
citrate 
10  cc. 5 N ace­
tic  A 
35 .'.\11\1 0.50 
IO cc. Sol . 6 xm 20 minuets, V=42.63, at 
IO cc. 3 M 22° .3. 1 30 minutes , V=44.25. 
10 cc . .2 mo!. 20 hours, V=44.494+ .033, 
citr. mean of  4 days ,  v=-=::-44.65, 
10 cc. 5 N ace- 19° 7. 
t ic A 





0. 700 % 
0.075 










42-MM-- -----0-_5_0 _____ ---
10 cc. Sol . 6 xm 22 minutes, V=6.00. 0. 1 50 
20 cc. 3 M 2.01 1 % 
10 cc. 5 N citric Citric 
A 0.333 mo!. 
10 cc. water 7.0% 
42a l\f=l\·�1 - i- ---�0�.8�3�3-----l----'--
To 50 cc. of Sol V=4.3 
42, added 10 
cc. Sol. xm 




l .OO N 
LOO N 
1 .00 N  
1 .00 N  
This mixture  shows 
the slo�.v increase 
of  rotation with 
time, characteristic 




Compare 47 M M 
and 42b and d MM 
O.OO N 
0.83 N 
---.c.-.---- ��- 1 -----�----- 1 - -- --------- -
42b M M  0.714 
To 50 cc. of  Sol. V=60.5. 22 hours ,  V=61 .52 
Sol. 42a MM, + .019, at 20°.3 mean of 5. 
added 10 cc. /ij hours, V=61 .93 + .06, at 
o f  5 N acetic 19°9 mean of 5. 95 hours, 




I Duplicate of 42 1 1  minutes, V=5.93 ± .032, M .\1 at 22° mean of 5. 46 hours, 
V=6.636± 043, 20°.2 mean ! 
o f  5. 





0. 1 50 
2.01 1 % 
0.714 N 
l .428 N 
These observations 
were made a month 
after those of 42 
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2 3 
------ --------- ----
LAB. No. AKD 
CoM PosrTToN oF. 
MrxTURE S 
Mor.AR CoKcT. oF e,o, 







---- 1 - ----,-- ---- ' 100 cc. � MM 
I 
· . . 
0 .50 
-
? - i - - -
IO cc. Sol. 6 M M  1 0  mmntes, V -4�.9.), at I 0.075 10 cc. 3 M 20°4. mean of 5. 1 hour, V 1 .005 % 
5 cc. S N acetic =43.87. 25 hours,  V=44. 1 64  Citric 
A. + .047, 20° ..+ moan of  Si. 0.1667 
S cc. S N citric 67 hours,  1'=44.326+ .028, 11 01. 
A at 10 ° .8, mean of 5. -- 3.S % 
20 cc. water 








1 .0 N 
Compare with 42 
MM. This  rotation 
is  to that of 4S 
M M  in  the ratio o f  
the acidities. 
1 0  cc. 6 xm 14  minutes ( / '=38.7. SO min- 1 .005 % 0.50 N 
1 0  cc. 3 M utes, V=39.7S. 24 honrs, V 
10 cc. 2/ 1 0  mp!. =40.02 + .018, mean o f  S at 
citrate 20° .3. -67 hours, V=40. 34 
S cc. 5 N citric 1 + .05, mean o f  5 at 1 9°85. 
5 cc. S N acetic 
10 cc. water 
Citric 1 .00 N 
0.04 This  experiment 
as  salt shows effect of ad-
0.1667 dition of .84% o f  
f ree neutral citrate to 
4.24% Ko. 43 ; a marked 
, depression. Sum o f  
I concentrations o £ citrate +mal ate is  too great for the I m�lyb date ! See p.  
__ 4_s_,Mc-=1c-:1,--- 1 -----o,,...-=-so::----- 1· --- ----- ·· - ---
LO  cc. 6 x m  1 1  minutes,  V=64.S.  l hour, 0.075 1 .0 N 
1 0  cc. 3 M V=65. 7. 24 honrs,  V=65.89 1 .005 '{ 1 . 5  N 
5 re. S N  citric + .066 mean o f  5 at 20°3. 67 Citric  This  shows the ef-
1 0  cc. 5 N a cetic lwurs, V =66.25 + .038 mean 0. 1667 feet o f  addition o f  
1 5  cc. \Yater o f  S at 1 9 ° . 7. - I 3.5 % acetic acid to No. 
-48 MM 0.41 7  
To S O  cc. o f  4 7  4 minutes, V=41 .38 + .07 
MM ( Sec mean o f  S at 20° .  48 h0t1rs, 
I Table V) V=41 .64 + .03 mean o f  S. 
added 10 cc. -
I
' 
2/ 10 molar 
citrate ---- 1 
so M M  0.50 I 10 cc. 6 xm 1 5  minutes, Vc=SS.67 ± .052. l O cc. 3 M mean ,, f S at 1 9° .9. 67 min-
15 cc. 2/0 mo!.  ute s , v�� S6.33 + .03,, mean 
citrate o f  5 at 20°. 20l1ours, V= 
15 cc. S N aretic 56.62 + .08, mean o f  S at 
19° .s .-
Sl M M  0.50 
IO cc. 6 xm 1 l m i nutes, V=48.14 + .064, 
10 cc. 3 M mean of 5 at 20° . 79 min-
S oc. 2/ 1 0  mol. utcs, V=49.038 + .0Z2, mean 
citrate of 5 at 20" .  19
-
hours, V= 
1 S cc. 5 N acetic 49.32 + .044, mean of 5 at 
10 cc. water 1 9° .4.-
acetic= 43, marked en-





0. 7 %  












1 .00 N 
0.833 N H C l  
The enhancement 
o f  rotation c:iu sed 
hv 0. 7 %  citric acid 
is 1 9 °  v. 
LS "y 
I . S N 
A crystall ine de­
posit appeared af­
ter 48 hours.  
1 .5 N 
1 . 5  .Y 
- --- --- - -------
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1 
LAB. No. AND 
Cmr POSITION OF 
MIXTURES 
2 
Mor.AR CoNCT. OF CoOa 
T I M E  NAD POJ,ARISCO!'E 
RE.\DJ :'lGS 
52 MM 0.50 
1 0  cc. 6 xm 21 1 minutes,  V=44.482± 
10 cc. 3 M .046, mean of 5 at 1 9° .  22 
2 cc. 2/ 10 mot. hours,  V=44.9 18± .022, 









1 .005 % 
Citric 
0.008 
0.168% 15 cc.  5 N acetic 
13 cc. water :..::__-'-'----- 1 - -- -- - --- - -- - ----53 MM 0.50 
10 cc. 6 xm 201 minutes, V=Sl .31 6 ±  
1 0  cc. 3 M .038, mean of  5 a t  1 8° .8. 21 
7 cc. 2/10 mo!. hr. 47 minutes, V=51 .826 + 
citrate .021 mean of  5 at 1 7° .6. 
1 5  cc. 5 N ac,etic 
8 cc. water 
54 MM 0.50 
lO cc. 6 xm 19 minutes, V=26.666 ± .033 
5 cc. 3 M mean o f  5 at 1 7° .9. 20 hours, 
10 cc. 1 0  N V=27.02+ .036 mean of 5 at 
acetic 19° .2. -
5 cc. 5 N acetic 
5 cc. 2/1 0  mo!.  
citrate 
1 5 cc. water 
55 M M  
10 cc. 6 xm 
5 cc. 3 M  
1 5 cc. 2/ 1 0  mo!. 
citrate 
15 cc. 5 N acetic 
10 cc. water 
- o:so - - - - -
21 m inutes, V=29.62 at 
1 7° .9. 20 hours, V= 30.02+ 
.01 8 mean o f  5 at 19° .2. 
O.Di5 












I 0.04 0.84% 
1 0  c�� �!1 1�8 m:ute�, i�32��6�.�34 0.0375 
5 cc. 3 M mean of 5. 60 minutes, V= 0.5027% 
20 cc. 2/10  N 32.782+ .034 mean of 5 at Citric 
citrate 18° .8. l9 hours,  V=32.96+ 0.08 
15 cc. 5 N acetic .03 mean of 5 at 1 7 ° .3 .  42 1 .68% 
hours, V=32.91 -t- .044 mean 
of 5 at 1 9 ° . 1 .  
-
4 
NORM ALITY OF 
Ao;nc Acrn-NoR­
M ALITY OF TOTAL 
FREE ACID 
REMARKS 
1 .5 N 
1 . 5  N 
2.5 N 
l . 5 N 
I .S N 
I . S N 
I . S N 
------ ---- -�- - ----- - - --- - --- -- --- ---- ------
57 M M  0.50 
10 cc. 6 xm 22 m i nutes. V= 53.0 1 6 + . 1 0  
10 cc .  3 M mean of 5, increasing, at 
!O cc. 2/1 0  Mo!.  19° . 5. 1 7  hours, V=S3.952 







1 . 5  N 
Compare with No. 
50. Reduction of 
the citric acid has 
lowered the rota-
1 tion. ------ -------�- - ----· � 1---- ------
58 MM 0.50 
10 cc. 6 xm 28 minutes,  V=23.62 ± .054 
5 cc. 3 M m ean oi :; at 19° .4. 1 7  hours,  
2 cc. 2/10 Mo!.  V=23.90+ .026 mean o f  5 
citrate at 18° .9. -
7.5 cc. 1 0  N ace-
tic 





0. 1 68% 
1 .5 N 
1 .5 N 
Compare with 
56 M ).L  
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TABLE IV. ROTAT I O N S  O F  MALTC AC I D  I :\  A M M O N IUM 
l\l O LY BDATE SOLUTI O N S  

















__ 1_6 _ 
1 7  






















. 1 241 
236 
. 1 477 
235 
0. 1 7 1 2  
234 















































































5 7  
5 8  
I 59 
I : 60 I 
l\L\uc Aun v MALIC Acrn 
G. PER 100 cc. 2 D'M G. PER 1 00 cc. ------ ---
0.7259 61 1 .4121  
230 228 
.7489 62 .4349 
229 228 
.7718 63 .4577 
230 228 
0.7948 64 1 .4805 
229 227 
.81 77 65 .5032 
229 229 
.8406 66 . 5 261 
229 228 
0.8635 67 1 . 5489 
229 228 
.8864 68 .571 7 
229 228 
.9093 69 .5945 
229 228 
0.9322 70 1 .6 1 78 
229 227 
.9551 7 1  .6400 
229 228 
.8790 72 .6628 
220 228 
1 . 0009 73 1 .6856 
228 228 
.0237 74 .7084 
229 228 
.0466 75 .73 1 2  
229 228 
1 .0695 76 1 .7540 
228 228 
.0923 77 .7768 
229 228 
. 1 1 52 78 .7996 
229 227 
1 . 1 381 79 1 .8223 
228 228 
. 1609 80 .845 1 
228 228 
. 1 837 81 .8679 
228 227 
1 .2065 82 1 .8906 
229 228 
.2294 83 .91 34 
229 227 
. 2523 84 .9361 
228 228 




86 .98 1 7  
229 ! 227 
.3208 87 I 2.()()44 228 228 
1 . 3436 88 2.0272 
228 227 
. 3664 89 .0499 
228 228 
.3892 90 .0727 31
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1 . 7  
1 . 8  
IOWA ACADEMY OF SCIENCE 
TAB LE V 
Acidity= l .S N .  l\l olal conct. of l\a,Mo0,=0.5 
Col umn 2-Rotation when molal conct. o f  Malic Acid is  .075 
Column 3-Rotation when molal conct. of lllalic Acid i s  .03,751 
2 3 I 1 I l\L\L�C 1 % 3 llrALIC 1 % MALIC . 5% 
I 
CITRIC l\L\LJC . 5 %  
4 1 .20 20.50 
I 
43.64 22.75 1 .9 60.01 33. 57 
45.50 24.33 I 2.0 60.48 33.83 47.27 25.68 2. 1 60.93 34.08 
48.98 26.83 I 
2.2 6 1 .38  




52.85 29.29 2.5 62.62 
53.63 29.85 I 2.6 63. 02 54.36 30.32 2.7 63.41 55.04 30.72 2.8 63.79 
55 .69 31 . 10 ' 2.9 64. 1 7 
56.31 31 .46 3.0 64. 53 
56.90 31 .80 3. 1 64.89 
57 .46 32. 12 3.2 65.24 
58.01 32.43 3.3 65.58 
58.54 32 . 73 I 3 .4 65 .93 59.05 33 .02 3.5 66.27 59.54 33.30 -
NoTE : The figures in Col . 2 up to and including those for 0.5 per cent 
citric acid were calculated by the equation, ( Eq. 9)  V=41 .20+ 1 4.45 r+ 
\1 10 p ;  those for higher concentrations ( Eq. 8) , V=4I .20+ 14.35 Vp-_ 
0 .508 p. 
The figures in column 3 were obtained by graph ic interpolation from the 
observational data for the 0.0375 molal malic acid solutions. 
TABLE VI 




36, 39, 46 0.0 41 .20 
52 0.168 44.9 18  44.924 0.006-
5 1  0 .42 49.32 49.378 .058+ 
53 0.588 5 1 .826 5 1 .905 .079-
57 0.84 53.952 53.865 .087-
so 1 .26 56.62 56.668 .048+ 
45 3. 5 66.25 66.268 .018+ 
1 In grams per 1 0 0  cc. the toncentra t i u n s  are r e s p .  l . 0 0 5 4  a n d  0 . 5 0 27.  
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